Parameter of the Ashcroft model potential has been computed in this paper for twenty two hexagonal closed pack (hcp) crystals. Calculation uses pseudopotential technique with nine different exchange and correlation functions and either available experimental value of monovacancy formation energy or an empirical relation based on other experimental parameters (melting temperature, cohesive energy or activation energy) as tool. The complete set of value of this parameter for cubic crystals will be used for further calculation of energetic of self and impurity diffusion via vacancy mechanism or other type of point defects.
Introduction
The pseudopotential approach has been tested earlier several times [1] [2] [3] and in this paper this formalism is applied to twenty two different hexagonal closed pack (hcp) crystals, viz. (1) beryllium (Be), (2) magnesium (Mg), (3) scandium (Sc), (4) titanium (Ti), (5) cobalt (Co), (6) zinc (Zn), (7) yttrium (Y), (8) zirconium (Zr), (9) technetium (Tc), (10) ruthenium (Ru), (11) cadmium (Cd), (12) gadolinium (Gd), (13) terbium (Tb), (14) dysprosium (Dy),(15) holmium (Ho), (16) erbium (Er), (17) thullium (Tm), (18) lutetium (Lu), (19) hafnium (Hf), (20) rhenium (Re), (21) osmium (Os) and (22) thallium (Tl) (arranged according to increasing atomic number). Although ab initio, DFT, molecular dynamics, etc. calculations are most sophisticated techniques yet they lack exact predictions when applied to defect property calculations. In this situation this work is important because rigorous computation is not required as in above new methodologies. Secondly it is comparatively easier technique and thirdly there are very few data of point defect parameters for hcp crystals. Especially out of 22 hcp crystals experimental evidence of monovacancy formation energy is obtained for only six. So an empirical relation among cohesive energy, melting temperature, activation energy for self diffusion, and monovacancy formation energy is used for theoretical estimation. Also it is important because of recent studies of the mechanism of melting [4, 5] by considering the role of surfaces with regard to the concentration and migration of vacancies. Lattice instability occurs both at the surface and within the crystal lattice when the vacancy concentration increases from 0.37% to 10% on melting.
Formulations
Harrison's second order perturbation theory gives the total energy of the pure crystal as [3] : * e-mail: amitavaghorai@rediffmail.com
Here z is the valency, k F -the Fermi wave number, m -the electronic mass, and W (r) -the pseudopotential. The first term within square bracket is structure independent and the last two terms, called the electrostatic energy E es (depends on ion-ion interaction) and the band structure energy E bs (depends on ionelectron and electron-electron interactions) depend on the crystal structure. Any defect in the lattice changes the structure dependent energy part of E T and so an algebraic difference between the energy after defect creation and that before will yield the defect formation energy when considered for the whole lattice. This structure dependent part of E T also depends on the modified lattice wave numbers. The modifications in the lattice wave numbers from its perfect lattice value, is necessary to maintain the lattice volume and the number of lattice ions constant. Details of it can be obtained from literature and finally the expression for vacancy formation energy is
where
Here η is the convergence factor, Ω -the atomic volume, q 0 and q -the lattice and quasi-continuous wave numbers respectively, ω (q) -the pseudopotential, ε (q) -the dielectric function, and χ (q) -the perturbation characteristics. Here I have considered the Ashcroft model pseudopotential [6] , which is
Here r c is the parameter for the Ashcroft model. The expressions for ε (q) and χ (q) are
(549)
Here f (q) is the exchange and correlation function (hence forth called ECF). Out of several ECFs only nine such forms are taken into account and the expressions [1] are King and Kutler ECF (abbreviated henceforth as K-K)
Sham ECF (abbreviated as Sham)
Geldart and Vosko ECF (abbreviated as G-V)
Kleinmann ECF (abbreviated as Kle)
Harrison ECF (abbreviated as Harr)
Vashishta and Singwi ECF (abbreviated as V-S)
Taylor ECF (abbreviated as Tay)
Hubbard ECF (abbreviated as Hub)
Mahanti and Das ECF (abbreviated as M-D)
Here a 0 is the Bohr radius. Computation has been done by integration over quasi-continuous wave numbers q using the Gauss-Legendre quadrature integration within the limit from 0 to 1 in 100 divisions and Gauss-Laguerre quadrature integration in the limit from 1 to infinity as follows:
Computation also uses a discrete sum over lattice wave numbers q 0 with primitive and reciprocal lattice vectors are defined respectively as
with
The maximum value of m i /N i = 14 with i = 1, 2, 3 and the lattice wave numbers are generated in the cubic Brillouin zone. Here a and c are lattice constants of hcp crystal.
Discussions
The input parameters used in this calculation are lattice constant (a and c) and experimental value of vacancy formation energy (E 1v F ) exp or theoretical mean value of it (E 1v F ) fit . The necessity of (E 1v F ) fit is due to the fact that in most of the cases the experimental value of E 1v F is not available and so (E 1v F ) f it is determined from an empirical relation among the melting temperature (T m ), the cohesive energy (E coh ), the activation energy (Q 0 ) and monovacancy formation energy (E Table I . Our fitted value of (E 1v F ) fit is very close to the Angsten et al. estimated values [8] .
The variation of E Table II for different ECFs. The correct value of valency in crystalline state has been chosen out of multiple values by noting that the Ashcroft parameter r c lies near to first peak and the Bohr radius. A graph shown in Fig. 5 for atomic number and fitted r c for different fcc [1] and hcp cubic crystals satisfies this idea. Thus out of two valence states (1, 2) for beryllium z = 1 has been chosen. Similarly for other multi-valent metals like titanium, cobalt, technetium, ruthenium, terbium, rhenium, osmium and thallium the valency values corresponding to lowest r c values are listed in Table I .
The variation of the Ashcroft parameter r c with different exchange and correlation functions for different hcp crystals is shown in Table II with the mean value. The value of r c in cases of cobalt and zinc show slightly less than the Bohr radius. This may be due to less estimation of (E 1v F ) f it because of higher calculated values of (E 1v F ) T h for cobalt by Angsten et al. [8] . However for zinc the experimental value of (E 1v F ) exp is higher than all the theoretical estimates and average value of r c is very close to one AU.
I started computing defect energy calculation using simple model of Ashcroft which contains only one parameter. The complete set of value of r c for cubic crystals will be used for further calculation of energetic of self and impurity diffusion via vacancy mechanism or other type of point defects. The work with two-parameter HeineAbarenkov model is under progress.
